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THESPACESHUTTLEINTEGRATEDV_HICLEIN THEAEDC

16-F00T TRANSONICPROPULSIONWINDTUNNEL(IA183)

by

J. J. Daileda

Rockwell International, STSD&PDivision

ABSTRACT

An experimental investigation (Test IA183) was conducted in the

Arnold Engineering DevelopmentCenter 16-Foot Transonic Propulsion Wind

Tunnel from Novemberl_, 1978through November16, 1978.

The objective of the test was to obtain force and momentdata on all

vehicle elements (orbiter, external tank, and each solid rocket booster),

wing and vertical tail load indicators, elevon hinge moments, and base

and body flap pressure data for verification of test IA156A data.

Data were obtained in the Mach numberrange from 0.6 to 1.55 at a

Reynolds numberper foot of 3.0 x l06 within a matrix of angle-of-attack/

angle-of-sideslip conditions. The angle-of-attack limits were ±8 degrees,

and the angle-of-sideslip limits were _6 degrees.

The model configuration wasnot changed during the test. Elevons

were set at +10 degrees inboard and +5 degrees outboard. All other

control surfaces remained at zero.

Documentation for test IA183 consists of two Volumes:

Volume 1 - Force Data plots
Volume 2 - Force Data Plots and Tabulations
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The data plotted in this documentwere recomputed per Reference 5

by AEDCand released to DMSon dates shown:

SPECIALREQUEST
TEST DOCUMENTATION

DATASET

CORRECTED DATA TWO CHARACTER

RECEIVED BY DMS CODE

IAIO5A2E SPRT8M April 17, 1980 "8M"

IAI56A SPRT8N April 17, 1980 "8N"

IA182 SPRT8_ April 17, 1980 "8_"

IA183 SPRT8P April 17, 1980 "8P"

The data for IAI05A2E and IAI56A have a revised flow angularity

correction. The data for IA182 and IA183 are the same as the data

received from AEDC on November 28, 1978 and January 23, 1979, respectively.
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INDEX OF DATA FIGURES (Concluded)

PLOTTED COEFFICIENT SCHEDULE:

A) CNf , CAf , CMf , CNb, CAb , CMb vs _CORRECTED

B) CNw , CTw , CBw, Chel, Che _ vs _CORRECTED

C) vs _CORRECTEDCSv, CBV, CTv

D) CNf , CAf , CMf , CNb , CAb , CMb vs _UNCORRECTED

E) CNW, CTW, CBW, Chel, Che _ vs =UNCORRECTED

F) CSV, CBV, CTV vs _CORRECTED

NOTE:

_CORRECTED - ALPHA CORRECTED FOR FLOW ANGULARITY

_UNCORRECTED - ALPHA UNCORRECTED FOR FLOW ANGULARITY

L



INTRODUCTION

The O.O2-scale model (Model 89-0TS) of the space shuttle integrated

vehicle was tested in the _n_nold Engineering Development Center 16-Foot

Transonic Wind Tunnel between November 14, 1978, and November 16, 1978.

This test, designated IA183, used a total of 9.1 test hours in the

facility.

The objective of the test was to obtain force and moment data on all

vehicle elements (orbiter, external tank, and each solid rocket booster),

wing and vertical tail load indicators, elevon hinge moments, and base

and body flap pressure data for verification of Test IA156A data (See

Reference 1).

Data were obtained at angles-of-attack from -8 to +8 degrees and

angles-of-sideslip from -6 to +6 degrees over a Mach number range of 0.6

to 1.55 at a Reynolds number per foot of 3.0 x lO6. Four six-component

balances were used to obtain vehicle element forces and moments. Two

single-component balances were used to measure elevon (right wing only)

hinge moments. Two three-component balances were used to measure wir_g

(left side) and vertical tall normal force, bending moment, and torsion.

The model configuration was not changed during the test. Elevons

were set at +lO degrees inboard and +5 degrees outboard, with all other

control surfaces at zero. The orbiter was instrumented with 9 base

pressure taps and 9 body flap taps. The external tank had 45 base

pressure taps, and each SRB was instrumented with five base pressure

taps.



INTRODUCTION( Coneluded )

This report provides a description of the test consisting of remarks

on the conduct of the test, descriptions of the model and the test

facility, details on test procedure, information on data reduction, and

both plotted and tabulated test results.

i0



NOMENCLATURE

SYMBOL _V_ONIC

Tunnel Parameters

Part, Point

Project, Test

M MACH

PT PT

P P

Q Q

RexlO -6 RN/L

TT

TTR

ALFAL

ALFALS

Test Parameters

ALFALS

ALFARS ALFARS

ALPHAT ALPHAT

BETAL

BETALS BETALS

BETARS BETARS

BETAT BETAT

DEFINITION

run identification

ARO, Inc. test identification

freestreamMach number

freestream total pressure, psfa

freestream static pressure, psfa

freestream dynamic pressure, psf

Reynolds number per foot

freestre_m total temperature, OF

freestream total temperature, OR

launch vehicle angle-of-attack, degrees

left hand side solid rocket booster smgle-

of-attack, degrees

right hand side solid rocket booster angle-

of-attack, degrees

external tank angle-of-attack, degrees

launch vehicle sideslip angle, degrees

left hand side solid rocket booster

sideslip angle, degrees

right hand side solid rocket booster

sideslip angle, degrees

external ta_ sideslip angle, degrees

li



NCMENCIATUHE (Continued)

SYMBOL

CABL5

CAFLS

CA_

CBL_

CLMF_

C_

CYF_

CYNB_

CYNFLS

CYNIS

CABRS

CAFES

CARS

CBLRS

CIMFRS

CNFRS

CYFRS

CYNB_S

MNEMONIC DEFINITION

Left Hand Side SRB Coefficients (Left Side SRB Balance)

CABLS base axial-force coefficient

CAFI_ forebody axial-force coefficient, CALS-
CABLS

CALS total axial-force coefficient

CBLFL$ rolling moment coefficient

CLMFL_ pitching moment coefficient

CNFLS normal force coefficient

CYFLS side force coefficient

CYNBLS base yawing moment coefficient

CYNFLS forebody yawing moment coefficient,
CYNLS-CYNBL$

CYNLS total yawing moment coefficient

Right Hand SRB Coefficients (Right Side SRB Balance)

CAB_

CAFRS

CARS

CBLFRS

CIMFI%5

CNFRS

CYFRS

CYNBRS

base axial force coefficient

forebody axial force coefficient, CAR_-
CABRS

total axial force coefficient

rolling moment coefficient

pitching moment coefficient

normal force coefficient

side force coefficient

base yawing moment coefficient

12



NOMENCLATURE(Continued)

SYMBOL

CYNFRS

CYNP_

CABT

CAFTS

CATS

CBL_FS

CIMTS

CN_TS

CYFTS

CYNFTS

CYNTS

CA_T

CBLFT

CLMFr

CNFT

MNEMONIC DEFINITION

Right Hand SRB Coefficients (Right Side SRB Balance) (Continued)

CYNFRS forebody yawing moment coefficient, CYT_RS-
CY__BRS

CYNRS total yawing moment coefficient

External Tank + ,(SRB Right + SRB Left I Coefficients, (External
Tank Balance)

CABT external tank base axial force coefficient

CAFTS forebody axial force coefficient, CATS -

(CABT + CAB_ + CABS)

CATS total axial force coefficient

CBLFTS rolling moment coefficient

C_41_2S pitching moment coefficient

CNFTS normal force coefficient

CYFTS side force coefficient

CYNFTS forebody yawing moment coefficient, CYhV2S -

CYNTS total yawing moment coefficient

External Tank Forebod_ Coefficients

CA_T forebody axial force coefficient,

CA_S - (CA_ + C_)

CBLFT forebody rolling moment coefficient,

CB_S - (CBLLS + CBnRS)

CIMFT forebody pitching moment coefficient,

cne'Ts - (cm_ + CmFRS)

CNFT forebody normal force coefficient,

C_TS - ( cm._ + Cm_RS)

!3



NCMENCIATUEE (Continued)

SYMBOL

CYFT

CYN_T

CABO

CAFL

CAL

CBLFL

CIMB0

CIMFL

CIML

CNB0

CNFL

CNL

CYFL

CYNFL

CYNL

_0NIC DEFINITION

External T_nk Forebod_ Coefficients (Continued)

6"_ forebody side force coefficient,

Cr_ - (C_ + Cn_)

CY_rF2 forebody yawing moment coefficient,

C_ - (_LS + CI_F_)

Launch Vehicle Coefficients (Orbiter Balance)

CABO

CAFL

CAL

CBLFL

CIMB0

CIMFL

CIML

CNBO

CNFL

CNL

CYFL

CYNFL

CYNL

orbiter base axial force coefficient

forebody axial force coefficient,

CAL - (CAB0 + CABT + CABLS + CABRS)

total axial force coefficient

rolling moment coefficient

orbiter base pitching moment coefficient

forebody pitching moment coefficient,
CIML- CIMBO

total pitching moment coefficient

orbiter base normal force coefficient

forebody normal force coefficient,
CNL -CNBO

total normal force coefficient

forebody side force coefficient

forebody yawing moment coefficient,

cn_ - (C_Sn_ + cn_ )

total yawing moment coefficient

14



NOMENCLA_JRE(Continued)

SYMBOL

CAFO

CBLFO

CLMFO

CNFO

CYF0

CYNFO

CBVT

CSVT

CTVT

CBW

CNW

CTW

C_EI

CHEO

CL

ET

HL

MNEMONIC DEFINITION

Orbiter Forebody Coefficients

CAFO axial force coefficient, CAFL - CAFT_S

CBLFO rolling moment coefficient, CBLFL - CBLFTS

CI24FO pitching moment coefficient, CI_L - CI_S

CNFO normal force coefficient, CNFL - CNFTS

CYFO side force coefficient, CYFL - CYI_S

CYNFO yawing moment coefficient, CYNFL - CYNFTS

Vertical Tail Coefficients (See Figure le)

CBVT bending moment coefficient

CICVT side force coefficient

CTVT torsional moment coefficient

Wing Coefficients (See Figure ib)

CBW bending moment coefficient

CNW normal force coefficient

CTW torsional moment coefficient

Elevon Coefficients (See Figure if)

CHEI inboard elevon hinge moment coefficient

CHE0 outboard elevon hinge moment coefficient

Model Geometric Nomenclature

centerline

external tar_

hinge line

15



NCMENCLATURE (Continued)

SYMBOL

MRC

SRB

X/CBF

XB

Xo/ 

XT

Yo

Z o

8eI

_e o

BW

_ONIC DEFINITION

Model Geometric Nomenclature (Continued)

moment reference center

solid rocket booster

ratio of a station on the body flap to the

body flap chord (See Figure 2c)

SRB station

ratio of a station on the orbiter to the

orbiter length

body station on the external tank

lateral station on the orbiter, positive

to the right of the plane of symmetry

(See Figure 2b)

orbiter water line (Figures 2a and 210)

ALPHAO orbiter angle-of-attack, degrees

BETAO orbiter sideslip angle, degrees

IB-ELV inboard elevon deflection angle, degrees

(See Figure Ib)

0B-ELV outboard elevon deflection angle, degrees

(See Figure lb)

PHIO rotational angle on model component surface

(See Figure 2d), degrees

ratio of spanwise station on orbiter body

flap to total span of body flap, positive

from left to right (See Figure 2b)

Terms Used in Data Reduction

wing bending moment about Yol05, in-lbs.

16



NOMENCLATURE(Continued)

SYMBOL

NW

TW

BVT

NVT

TVT

HEI

HEO

ALFLSU

ALFRSU

ALFAOU

ALFATC

BETLSU

BETRSU

BETA_U

MNEMONIC DEFINITION

Terms Used in Data Reduction (Continued)

wing normal force, ibs.

wing torsion moment about Xo1307, in-lbs.

vertical tail bending moment about Zo503,

in-lbs.

vertical tail normal force, Ibs.

vertical tail torsion moment about Xo1414.3,

in-lbs.

inboard elevon hinge moment, in-lbs.

outboard elevon hinge moment, in-lbs.

Parameters and Dependent Variables

ALFLSU left hand side solid rocket booster angle-of-

attack uncorrected for flow angularity,

degrees

ALFRSU right hand side solid rocket booster angle-

of-attack uncorrected for flow angularity,

degrees

ALFAOU orbiter angle-of-attack uncorrected for flow

angularity, degrees

ALFATC

BETLSU

external tank angle-of-attack, degrees

left hand side solid rocket booster sideslip

angle uncorrected for flow angularity,

degrees

BETRSU right hand side solid rocket booster sideslip

angle uncorrected for flow angularity,

degrees

BETA_U orbiter sideslip angle uncorrected for flow

angularity, degrees

17



SYMBOL

BETATU

IR-ELV

_R-ELV

IL-ELV

@L-ELV

PHI

DIRECT

DEIR

DE_R

AFA

BFA

CPI

CP2

CP3

CP4

CP5

CP6

NOMENCLATURE (Continued)

MNEMONIC DEFINITION

Parameters and Dependent Variables (Continued)

BETATU external tank sideslip angle uncorrected for

flow angularity, degrees

IR-ELV right inboard elevon deflection, degrees

CR-ELV right outboard elevon deflection, degrees

IL-ELV left inboard elevon deflection, degrees

_L-ELV left outboard elevon deflection, degrees

PHI roll attitude of model in tunnel, degrees

DIRECT (i) alpha increasing; (-1) alpha decreasing

DEIR right inboard elevon deflection, degrees

DE_R right outboard elevon deflection, degrees

AFA flow angularity in the tunnel pitch plane,

positive up, degrees

BFA flow angularity in the tunnel cross flow

plane, positive from right to left looking

upstream, degrees

Pressure Data

CPI

CP2

CP3

CP4

CP5

CP6

See Data Reduction Section

18



SYMBOL

CP7

CP8

CP9

CPIO

CPT302

CPT319

CPT325

CPT405

CPT413

CPTI501

CPTI516

CPTI530

CPT1546

CPTI574

CPT2202

CPT2218

P302

P319

P325

P405

P413

NOMENCLATURE (Concluded)

MNEMONIC DEFINITION

Pressure Data (Continued)

CP7

CP8

CP9

CPI0

CP302

CP319

CP325

CP405

CP413

CPI501

CP1516

CP1530

CP1546

CP1574

CP2202

CP2218

P302

P319

P325

P405

P413

See Data Reduction Section

See Data Reduction Section

See Table III

See Table III

Pressure for tap i (Pi), psi

Pressure for tap i (Pi), psi

19



R_4ARKS

The 0.02-scale Model 89-0TSwas reassembled to the sameconfiguration

used for Test IA156A. Subsequentto Tests IA156A and IA156B the Model

89-0 orbiter body was used with a new wing to makeup Model 105-0, and

the Model 89-0 wing was used with a new body to makeup Model 104-0. The

base pressure taps on the orbiter and the pressure taps on the body flap

were removedfor Model 105-0 tests and only those specified in Figures

2b and 2c were reinstalled for Test IA183. Pressures were manifolded

according to Table III and were read out on individual transducers. For

IA156A, Scanivalves were used and each pressure tap was read separately

on a Scanivalve port. These differences between IA183 and IA156A are

reflected in the calculation of the base pressure correction terms in the

Data Reduction section of this report.

The first part of the test consisted of an _/_ matrix which, when

corrected for flow angularities determined in the second part of the

test, will provide the basis for correction (if required) of the Hi-Pitch

supported model data acquired on Test IA156A. The second part of the

test was directed towards an accurate determination of flow angularity

for this model and support system combination.

All balances were calibrated in the AEDCPWTInstrument Lab and

were check loaded in the tunnel prior to the test. The check loads on

the wing balance did not give satisfactory results, so this balance was

recalibrated in the tunnel prior to the start of the test.

Deflection calibrations of all model elements and componentswere
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RH_ARKS(Concluded)

obtained in the AEDCPWTInstrument Lab. During these calibrations it

was determined that the foam used around the support struts between the

orbiter/external tank and the E_f/SRB'swas causing some"soft fouling".

The foamwas removedand was not installed for the test.

Prior to the test the position of the SRB's relative to the ET and

the position of the ET relative to the orbiter were measuredand were

found to be within O.010-inches of the values which were measuredprior

to Test IA156A.

During the test high dynamic loads in the yaw plane were enco_mtered

at M_ = 1.55. Therefore, data at this Machnumberare limited to two

abbreviated angle-of-attack sweeps, one with the model upright and one

with the model inverted.

References 1 and 2 provide information on Test IA156A.
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CONFIGURATIONSINVESTIGATED

The model for the AEDC-P_Fftest period was an O.02-scale replica

of the Rockwell International first stage space shuttle vehicle con-

s_sting of orbiter, external oxygen/hydrogen tank (ET) and two solid

boosters (SRB's). The vehicle is described by the VC70-000002configu-

ration control drawing. The integrated vehicle geometry is shownin

Figure 2a. The model was mounted upright in the tunnel through the base

of the orbiter using the AEDC 2.5-inch Task MK XXXI balance (AEDC

6-2.5-2.5-1.85-M-C balance). Photographs of the model in the tunnel and

of model details are given in Figure 3.

The external tank and boosters were supported from the orbiter/ET

attach structure using the AEDC-PWT-6-1. 50-1. 80-1.12 M balance. Each

SRB was supported from the ET/SRB attach structure using the AEDC-P_,_f-6 -

1.50-0.50-1.12 M-a and -b (one in each SRB) balances. The orbiter balance

measured total vehicle loads; the external tank balance measured ET/SRB

loads, exclusive of the attach structure between orbiter and external

tank; each SRB balance measured only the forces and moments on the

element in which it was mounted, exclusive of attach hardware.

The orbiter was fabricated to the OVI02 Configuration Outer Mold

Line Definition (March 15, 1976 CML configuration). Lines were

derived from the design entry trajectory 14414.1, Revision C/C. The

Thermal Protection System (TPS) for these lines is based on the useage

of Silicon Reuseable Surface Insulation (SRSI). The orbiter model is of

a blended wing/body design with a double delta planform (81°/45 ° leading
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CONFIGURATIONSINVEStS[GATED(Continued)

edge) wing of 12 percent thickness and full span elevons with gaps between

the outboard and inboard panels and between the inboard panel and the

fuselage. A single centerline vertical tail with rudder/speed brake

capability is mountedbetween the Orbital Maneuvering System (GMS)pods

on the aft fuselage, and a body flap is fitted to the lower trailinE

edge of the fuselage. The Main Propulsion System (._[PS)nozzles were

simulated, but were trimmed to clear the sting support through the base.

TheGMSnozzles and all Reaction Control System (RCS) thruster ports in

the forward fuselage and 0MS pods were simulated.

Fuselage Outer Mold Line (CML) penetrations and protuberances _/mich

are simulated include:

- Recessed windshields, hatch, and observation windows

- Simulated forward and aft RCS nozzles

- Cargo bay door hinges

- T-zero umbilical panels

- Vents: cargo bay, forward RCS, flipper door, wing, 0MS RCS,
and aft fuselage

- Spanwise steps: vertical tail/rudder and body flap

The upper surface flipper door panels which blend the wing to the

elevon at all deflections were not simulated. A smooth fairing between

wing and elevon upper surfaces simulated the flipper door panel. The

orbiter model was constructed primarily of Armco 17-h stainless steel,

with 7076-T6 aluminum used in some non-load carrying components. The

mld/aft upper fuselage is fabricated from a single block with a
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CONFIGURATIONSINVESTIGATED(Continued)

longitudinal bore into which balance adapters can be inserted. The 0MS

pods are an integral part of this block. The nose/forward fuselage was

fabricated as a hollow shell and serves as a cover plate for model-

mounted instr_nentation.

The vertical tail was supported on the upper aft fuselage by means

of a strain gaugedbeam(three-component balance). The rudder/speed

brake, fixed at zero degrees deflection was mounted on a gauged beamto

allow for measurementof hinge moments(rudder hinge momentswere not

measuredduring this test). A separate base plate/lower aft fuselage

block incorporated the aft CMS/RCSpods, the simulated MPSand 0MS

nozzles, and the body flap bracket recesses. The base plate and NLPS

nozzles were cut out for sting clearance. The body flap was mountedat

zero degrees deflection.

The right wing, right wing glove, and lower fuselage aft of station

520 was fabricated as a single piece. The left wing/wing-glove was cut

off at butt plane 105 and was attached to the lower fuselage by a strain

gauged beam(three-component balance). A labyrinth seal was used along

the gap between the two parts to minimize leakage between upper and

lower surfaces.

The elevons on both wings were mounted on individual beamsto allow

for measurementof hinge moments. Although the beamson the right and

left wings were dimensionally similar, only those on the right wing were

gauged. The elevon deflection angles were set by the brackets to which

24



CONFIGURATIONSINVESTIGATED(Continued)

the beamsare attached. Measureddeflection angles for the elevons used

in this test are: left outboard, +5.00 degrees; left inboard, +9.90

degrees; right inboard, +10.02 degrees, and right outboard, +5.00 degrees.

Elevon deflection angles were not changed during the test. Upper surface

seal doors (flipper doors) were not simulated but a fairing was used

between the wing and the elevon. A gap of from 0.005 to 0.020-inches

was maintained between the fairing and the elevon.

The external tank wasbuilt in accordance with Rockwell International

Interface Control Drawing ICD2-0OOO1,Rev. C, plus Interface Revision

Notices B and C. The external tank is of cylindrical cross-section with

a nominal diameter of 33B-inches and a maximumdiameter of 336.2-inches.

The forward portion of the external tank has a tangent ogive nose which

terminates in a biconic nose cap over the L0X vent valve. The fo_ard

one-third of the external tank is filled with LOX, and the aft two-

thirds with liquid hydrogen. Structural stiffeners between the two

vessels result in an area with a slightly larger than nominal diameter.

The aft end of the tank is basically an ellipsoid of revolution.

The entire external tank is covered with a spray-on foam insulation

of varying thickness. Approximate thicknesses are 2.5-inches on the

tangent ogive, 1.O-inch on the cylindrical sections, and 2.0-inches on

the rear ellipsoid. Model dimensions included this insulation.

The external tank configuration included a numberof protuberances

consisting of electrical trays, fluid lines, and attach hardware.
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CONFIGURATIONSINVESTIGATED(Continued)

Electrical trays which run parallel to the external tank centerline were

simulated; those which run up next to the aft orbiter/external tarLk

attach hardware were not. The LOXand IH2 feed lines were simulated.

The attach hardware that is considered as part of the external tank is

the front and rear orbiter/external tank attach structure which remains

with the external tank after separation.

The external tank model was constructed primarily of 6061-T651

aluminum alloy with the load carrying componentsmadeof Armco 17-4

stainless steel. The model was formed by three major pieces to which

the external protuberances were mounted. The three major pieces con-

sisted of the forward biconic nose, the central cylindrical shell and

the aft closure. The external tank protuberances and simulated aft

attach structures were fabricated from Armco 17-4 stainless steel and

were secured to the tank by mounting buttons and silver solder.

The external tank was attached to the orbiter by the "wishbone"

attach bracket on the forward end and the simulated LOXand I_ 2 vertical

feed lines on the aft end. These componentswere scaled to as great a

degree as possible, but were sized for the anticipated loads. The

orbiter/external tank attach structure was connected directly to the

balance bridge inside the external tank. Instrumentation leads from the

external tank to the orbiter were attached to the back of each feed line

and were covered with a fairing. The external tank wall in the vicinity

of the attach structure was cut away for clearance between the tank, and
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CONFIGURATIONSINVESTIGATED(Continued)

the structure and fairing.

The Solid Rocket Boosters (SRB's) were built to the sameInterface

Control Dra_ing (ICD2-O0001, Rev. C) and Interface Revision Notices (B

and C) as the external tank. The two SRB's are 146-inch diameter

cylinders, each with an 18 degree semi-angle nose terminated by a 13.27-

inch diameter sphere. An 18 degree flared skirt, 208.20-inches in

diameter, protects the rocket nozzle. A flexible donut-shaped seal and

thermal shield is provided between the skirt and the nozzle. SRB

protuberances consist of a forward attach lug, front and rear separation

motors, an aft attach ring, various stiffeners, and a full-length

electrical systems tunnel.

The Solid Rocket Boosters were madeof Armco 17-4 PH stainless steel,

except for the forward cylindrical shells which were made of 6061-T651

aluminum alloy. Fach SRBwas formed by five major pieces to which the

external protuberances were mounted. The five major pieces were the

nose, the forward and the center cylindrical shells, the aft cylindrical

shell/sklrt assembly and the nozzle. The center cylindrical shells were

fabricated wi_ a vertical split to facilitate assembly and disassembly

of the SRB. The SRBprotuberances were fabricated from aluminum alloy

and stainless steel, and were secured to the SRBwith screws or silver

solder. Each SRBis sttached to the ET at the full-scale attach points.

Attach structure componentswere scaled to as great a degree as

possible, but were sized for the anticipated loads. The SRB/ETattach
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CONFIGURATIONSINVESTIGATED(Continued)

structure was connected directly to the balance bridge inside the SRB.

The SRBwas supported on the balance mounted on this balance bridge.

Instrumentation leads from the SRBto the external tank were routed

through a slot aft of the forward SRB/ETattach post. A fairing between

the SRBand the ET protected the leads from the air flow. The SRBwall

in the vicinity of the SRB/ETattach structure was relieved for clearance

between the SRB,and the attach structure and fairing.

The following nomenclature, illustrated in Figures 2g through 2j,

was used to designate model components:

C16

E64

Fl6

FDS

FR22

HG I

M52

Nio8

NiO9

NIIO

NIl1

Description

OVI02 fuselage including T-zero umbilical

panels and crew hatch

Canopy including recessed windshields and

observation windows

Elevons, including elevon/elevon and elevon/

fuselage gaps

Body flap

Flipper doors

Fairings for the forward cargo bay door

hinges, 6 per side

Cargo bay door hinges, 13 per side

OMS pods

Forward RCS thruster nozzle ports

Main propulsion system nozzles (inner

surfaces cut away for sting clearance)

(_S nozzles

Aft RCS thruster nozzles and ports
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CONFIGURATIONS INVESTIGATk_3 (Concluded)

S_bol

R20

UI

V27

VTI0

VTII

VTI2

VTI 3

VTI_._

VTI 5

VT!6

VTI 7

Wl31

T39

S27

Description

Rudder, split into left and right speed

brake penels

Umbilical doors

Vertical tail

Cargo bay vents, 4 per side

Wing/landing gear bay vents, 1 per side

Cabin vents, 1 per side

Forward RCS vents, 1 per side

Aft fuselage vents, 1 per side

(MS RCS vents, 1 per side

Flipper door vents

Miscellaneous vents, ports and penetrations

0VI02 wing

External tank, including all protuberances

(See ICI_-00001, Rev. C)

Solid rocket booster, including all protuberances

(See ICD2-O0001, Rev. C )
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TESTFACILITYDESCRIPTION

The A_DCPWT16-Foot Transonic Tunnel (Propulsion Wind Tunnel,

Transonic 16T) is a continuous-flow closed-clrcuit tunnel capable of

operation within a Machnumber range of 0.20 to 1.60. The tunnel can be

operated within a stagnation pressure range of 120 to 4000 psfa depending

upon the Machmnmber. The stagnation temperature can be varied from an

average minimumof about 80 to a maximumof 160°F as a function of

cooling water temperature. Using a special cooling sygtem of mineral

spirits, liquid nitroEen, and liquid air, the stagnation temperature

range can be varied from +30 to -30°F. Supersonic velocities are obtained

by use of flexible-wall, Laval type nozzles.

The test section is 16-foot square (in cross section) and 40-foot

long. The entire test section and supporting structure is constructed as

a separate unit, called the test section cart, and is removable from

the tunnel circuit. The test section carts maybe movedto the model

installation building where the test article and associated equipment

are installed.

Two 40-foot long test section carts are available for testing

throughout the design temperature range. These carts are each 20-foot

long and are used in pairs to form the 40-foot long test section. Each

cart maybe used in either the forward or aft position in the test

section.

The test section is completely enclosed in a plenum chamberwhich

can be evacuated, allowing part of the tunnel main flow to be removed
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TESTFACILITYDESCRIPTION(Concluded)

through the test section perforated walls, thereby unchoking the test

section at near sonic speeds and alleviating wall interference effects.

31



TEST PROCEDURE

The 16T standard sting support system (Cart 2) which is shown in

Figure 2f and described in Reference 3 was used to support and position

the model in the test section during the test. The model was mounted on

a single sting through the base of the orbiter, and was attached to the

support system roll mechanism using AEDC sting and adapter components.

All instrumentation cables and tubes exited the model through the base

of the orbiter and were routed into the sting just aft of the exit plane

of the MPS nozzles.

The sting support system utilizes computer control to position the

model at angles-of-attack and sideslip by means of combinations of pitch

and roll angles. This model support system is advantageous in that the

model can be maintained at, or very close to, the tunnel centerline

where flow angularity is a minimum. It has the disadvantage, however,

of relatively slow pitch and roll rates (0.17 deg/sec and 1.25 deg/sec,

respectively). A sketch showing the location of the model in the test

section is presented in Figure 2f.

The test of the O.02-scale launch vehicle was concerned primarily

with force and moment measurements and the only pressures measured were

those located on the bases of the model components. These pressure

locations are shoe in Figures 2b through 2e and are categorized as

follows:
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TESTPROCEDURE(Continued)

Majo r Model Component Model Component No. of Orifices

Orbiter Base 9

Orbiter Body Flap 9

External Tank Base 45

Solid Rocket Boosters Base lO

Total 73

Pressures were manifolded in accordance with Table III so that the

orbiter base and body flap pressure could be measured by five 2.5 psi

transducers in the orbiter, and the external tank and SRB pressures could

be measured by seven 2.5 psi transducers mounted in the external ta_.

The types of balances utilized, and the model forces and moments

calculated from their measurements are given below. The balances are

described in detail in Reference 4.

Balance

Location

Orbiter

Type

6-component

Exte_al 6-component

Tank

Left Hand

Solid

Rocket

Booster

6-component

Model Forces and Moments Measured

or Calculated

Launch vehicle normal force, side

force, axial force, pitching moment,

yawing moment, and rolling moment

ET and SRB's normal force, side

force, axial force, pitching moment,

rolling moment, and yawing moment

Left hand SRB normal force, side

force, axial force, pitching moment,

rolling moment, and yawing moment
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TESTPROCEI_RE(Continued)

Balance

Location

Right Han6

Solid Rocket

Booster

Type

6-component

Wing 3-component

Vertical

Stabilizer

3-component

Inboard 1-component

Elevon

Outboard 1-component

Elevon

Model Forces and Moments Measured

or Calculated

Right hand SRB normal force, side

force, axial force, pitching moment,

rolling moment, and yawing moment

Wing normal force, bending moment,

and torsional moment

Vertical stabilizer side force,

bending moment, and torsional moment

Inboard elevon hinge moment

Outboard elevon hinge moment

Sting pitch and roll angles were determined from the outputs cf

synchro-transmitters. Electrical signals from all position measuring

devices, balances, and transducers were digitized for data reduction.

All coefficient data were tabulated on-line.

Sting and orbiter balance deflection calibrations were obtained in

the Model Installation Building prior to the test. Deflection call-

brations of all model elements and components were performed in the

Instrument Lab prior to the test.

After the model had been installed in the tunnel check loads w_re

placed on all model elements and gauged components and data were obtained

through the computer to verify the calculation of applied loads. Sting

roll angle was also checked using an angular position indicator attached

to the external tank balance support beam inside the external tank
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TEST PROCEDURE (Concluded)

(making it metric to the orbiter) and an inclinometer and "swing" device

mounted on the leveling plate on top of the orbiter.
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_ATA REDUCTION

All measured pressures were converted into standard pressure

coefficient form and were tabulated "on-line" at the test facility. Base

pressure corrections were made to normal force, axial force, and pitching

moment coefficients. In addition, axial force of the external tamk and

axial force and yawing moment from both solid rocket boosters were

corrected for base pressure effects.

Force and moment coefficient data were computed in the body axis

coordinate system (See Figure la) from the balances located in the

orbiter, external tank, and both solid rocket boosters using the pro-

jection of the orbiter nose on the external tank longitudinal center-

llne as the moment reference point location. Forces and moments from the

wing, vertical stabilizer, and elevons were computed about moment refer-

ence points unique to the individual model components. The location of

the moment reference points and directions of positive forces and moments

are shown in the sketches of Figures lb through lf.

Pressure coefficients required for base pressure adjustments were

computed as follows:

CPI = CPT302 ORB BASE

CP2 = 1/2 (CPT405 + CPT413) BODY FLAP

CP3 = CPT319 OMS

CP4 = CPT325 ORB CAVITY

CP5 = CPT'/_O2 L/H SRB BASE

CP6 = CPT2202
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DATAREDUCTION(Continued)

CP7 = .1629 (CPT1501)+ .0936 (CPT1516)+ ET

.2O58 (CPTI530)+ .2371 (_T1546)+

.2465 (CPT15h6)+ .0541 (CPT1574)

cP9 -- CPT2218 R/H SRB BASE

CPI0 = CPT2218 R/H SRB BASE

where

CPTi is the pressure coefficient for pressure i, or a manifolded

group of taps which includes tap i, defined in Table III.

Base pressure adjustments to the force and moment coefficients were

computed as follows from the pressure coefficients derived above.

For the orbiter:

CNBO = (-I/SEEF) [tan 14.75°(CP1) (AI) + (CP2) (A2)]

CIMBO = {-1 /(SEEF)(LREF) } [(-L1) tan 14.75 ° (CP1) (A1)

- (L2) (CP2) (A2) + Z1 {(CP1) (A1-ACO)

+ (cP3)(A3)+ (cP4)(ACO)}]

CAB0 = (-1/SEEF) [(CP1) (A1-ACO) + (CP3) (A3) + (CP4) (ACO)]

For the external tank:

CABT : (-I/SREF) (CPT) (AT)

For the left SRB:

CABL$ = (-1/SREF) [(CP5) (AS) + (CP6) (A6)]

CYNBIS = -(YS/LREF)(CABIS)

For the right SRB:

C_ = (-Z/Sr_. "_) [(CP9) (A9) + (CPI0) (AlO)]

c'nm_ = (Ys/u_m _) (CA_)
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DATA REDUCTION (Continued)

These ad.iustments were applied to the measured force and moment

coefficients to give forebody coefficients.

For the launch vehicle (orbiter balance):

CNFL = CNL - CNBO

CI_L_L = CLML- CIMBO

CYFL = CYL

CYI_L = CYI[L - CYNBLS - CYNBRS

CAFL = CAL - CABO - CABT - CABLS - CABRS

CBLFL = CBLL

For the external tank and two SRB's (external tank balance):

CN'FI"S = C_S

CIMF_S = C_TS

CYITS = CTI'S

CYNITS = CYI_S - CYNBLS - OYI_BI_

CAFfS = CATS - CABT - CABI._ - CABRS

CBL}_fS = CBLTS

For the left SRB (left SRB balance):

CNFIS = CNIA

CLMFLS = CIML_

CYFLS = CTi/_

CY_LS = CY_U__ - CTNBLS

CAFIA = CALS - CABIA

CBI2I__ = CBLLS
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DATA REDUCTION (Continued)

For the right SRB (right SRB balance):

CNFRS = CNRS

CI_MFRS = CIteRS

CYFRS = CYRS

CYNFRS = CYNRS - CYNBRS

CAFRS = CARS - CABRS

CBLFRS = CBL_9

For orbiter alone forebody data:

CNFO = CNFL - CNFTS

CIMFO = CI_3L - CLMP2S

CYFO = CYFL - CYFTS

CYNFO = CYNFL - CYNFrS

CAFO = CAFL - CAFTS

CBLFO = CBLFL - CBLFTS

The external tar_{ a].one forebody coefficients were computed as:

CNFT = C_rFTS - CNFL$ - CNFRS

CIMl_f = C_ CINFIA - CLMFRS

CYFT = CYFTS - CYFLS - CYFRS

CYNF_ = _ - CYT_FL9 - CYNFRS

CAFr = C_'TS - CAFIS - CAFRS

CBLFT = CBL_2S - CBLFLS - CBLFRS

The panel loads were reduced to force and moment coefficients in the

following manner:
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DATA REI_JCTION (Continued)

For wing bending and torsion:

cNw --mJl[(_)(s_)]

cB_,,_= sw/[(Q) (SRSF) (BRSF)I

C_ = _/[(Q) (s_) (mc)]

For vertical tail bending and torsion:

C_T = NW/[(Q) (SVT)]

C_T = BW/[(Q) (SW)(CW)]

c_ - _/[(Q) (sw) (cw)]

For elevon hinge moments:

_n = HsI/[(Q) (s_) (CE)]

CH_0 = _FoI[(Q)(SE)(CZ)]

Uncertainties (a statistical combination of systematic and randcm

errors) of the tunnel freestream properties, aerodynamic coefficient

uncertainties and pressure coefficient uncertainties will be presented

in detail in documentation of this test published by AEDC. A schedule

of completed runs is _iven in Table II which is the Data Set/Run Number

Collation Summary for the test.

Reference dimensions and constants used were:

Value

S_mbol Model Scale

AI 0.12576 ft. 2

A2 0.0572 ft.

Full Scale Description

Base area #l (orbiter

including sting cavity area).

Base area #2 (projected body

nap).
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A3

A5, A9

A6, A10

A7

ACO

BRF_

CE

CVT

L1

L2

LRF2

MAC

SE

SRF_

SVT

YS

DATA REDUCTION (Continued)

Value

Model Scale

0.049048 ft. 2

2
0.04661 ft.

0.04795 ft. 2

0.24192 ft.2

0.0377 ft.2

18.734 in.

i.814 in.

3.996 in.

25.260 in.

Full Scale

w_

wm

_m

936.7 in.

90.7 in.

199.8 in.

1263.0 in.

26.594 in. 1329.7 in.

25.806 in.

9.496 in.

2
0.084 ft.

2
1.076 ft.

0.1653 ft.2

5.010 in.

1290.3 in.

474.8 in.

2i0. ft. 2

2690. ft. 2

413.25 ft.2

250.5 in.

Description

Base area #3 (OMS pods)

SRB skirt base areas, each.

SRB Nozzle base area, each.

Base area of the external tank.

Orbiter sting cavity area.

Wing bending reference length.

Elevon reference chord length.

Vertical tail reference chord

length.

Horizontal transfer distance
between the orbiter base and

the integrated vehicle moment
reference center.

Horizontal transfer distance

between the body flap and the
integrated vehicle moment

reference center.

Reference length.

Mean aerodynamic chord.

Elevon reference area.

Wing reference area.

Vertical tail reference area.

Lateral transfer distance

between the SRBbase and the

integrated vehicle moment
reference center.
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DATA REDUCTION (Concluded)

S]anbol

Z1

Value

Model Scale

6.730 in.

Full Scale

336.5 in.

Description

Vertical transfer distance

between the total orbiter base

area and the integrated vehicle

moment reference center.

42



REOFfeNCES

le

o

e

o

.

EMS-DR-2403, "Results of Tests Using a O.02-Scale Model (89-0TS) of

the Space Shuttle Integrated Vehicle in the AEDC 16-Foot Transonic

Propulsion Wind Tunnel (IA156A)," presently being published.

SD77-_H-OI95, "Pretest Information for Test IAI56A of the O.02-_csle

Model 89-0TS Space Shuttle Integrated Vehicle in the AEDC Propulsion

Wind Tunnel (16T)," dated August 4, 1977.

Test Facilities H_udbook (Tenth Edition), "Propulsion Wind Tunnel

Facility, Vol. 4," Arnold _gineering Development Center, May, 1974.

SD78-SH-0224, "Pretest Information for Test IA183 of the O.02-_cale

Model 89-0TS Space Shuttle Integrated Vehicle in the AEDC Propulsion

Wind Tunnel (16T)," dated October 20, 1978.

Sverdrup; ARO, Inc.; AEDC Division Letter of April 9, 1980, "Recom-

puted Space Shuttle Data from NASA/Rockwell Tests IA-105A, IA-156A,

IA-105AR, IA-182, IA-183 (Project P43T-09)" to D. E. Poucher from

J. A. Black.

43



TEST : IA183

TABLE I.

DATE NOV. 1978

TEST CONDITIONS

REYNOLDS NUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE

MACHNUMBER (per foot) (psf) (degleesFahrenheit)

.60 3.003 x 106

•90 2.995 x lO6

.95

i. i0

1.15

1.25

3.008 x lO6

2.997 x 106

3.oo_ x 1o6

_.002 x 106

387.9

3.000 x 106

523.3

54e.2

587.4

601.0

621.2

1.55 656.7

lO9.8

II0.i

]o9. ].

II0.1

].o9.3

].o9.6

110.0

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

See Configurations l_vestigated

CAPACITY: ACCURACY:
COEFFICIENT
TOLERANCE:

COMMENTS:

II I I I I
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TABLE II (Concluded)

X4QSXX - INDEPENDENT VARIABLES

= ¢, W, P, V, I ALPHA# or BETA_

= S, B, T

S=R

S=L

R4QSXX - INDEPENDENT VARIABLES

= _, W, P, V, I ALPHA@ or BETA_

= S, B, T

+ UNCORRECTED

ALPHAT or BETAT ÷ UNCORRECTED

ALFARS or BETARS ÷ UNCORRECTED

ALFARS or BETARS + UNCORRECTED

= R

ALPHAT or BETAT

$ =L

ALFARS or BETARS

ALFALS or BETALS

COMPONENTS ARE:

- ORBITER

W - WING

P - PRESSURE

V - VERTICAL TAlL

I - LAUNCH VEHICLE

S - SRB + ET

B - BASE PRESSURES

T - EXTERNAL TANK

R - RIGHT SRB

L - LEFT SRB

÷ CORRECTED FOR FLOW

ANGULARITY

CORRECTED FOR FLOW

ANGULARITY

CORRECTED FOR FLOW

ANGULARITY

-_ CORRECTED FOR FLOW

ANGULARITY

50



PRESSURE

COEFFICIENT

CPT325

CPT302

CPT319

CPThI3

CPT405

CPTI57_

CPT15_6

OPT1530

CPTI516

CPTI501

CPT2202

CPT2218

TABLE III. PRESSURE INSTRUMENTATION

PRESSURE TAP

LOCATION

Orbiter balance cavity

Orbiter base

Orbiter base

Body flap

Body flap

External Tank base

External Tank base

Fraternal Tank base

External Tank base

External Tank base

L. H. SRB bsse

R. H. SEB base

MANIFOLDED PRESSURE TAPS

325 only

302, 306, 312, 316, 318

319, 321, 323

413, 415, 416

405, 407, 408, 437, 439, 440

1574 only

1546, 1549, 1551, 1553, 1555,

1557, 1563, 1571

1530, 1531, 1533 through 1541,

1523, 1544

1516 through 1521, 1523, 1525

through 1528

1501 through 1507, 1509, 1511

through 1514

2202, 2204, 2221, 2222, 2225

2218, 2220, 2223_ 2224, 2226
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Xo 0 O0

Xo 26.14

Yi 2"10

..

_,_RC

c. Wing Moment Reference Center

Figure i. Continued.
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• 6

× 28.2g
o

d. Vertical Stabilizer Moment Reference Center

Figure 1. Continued.
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e. Definition of Vertical Stabilizer Coefficients
Figure i. Continued.
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+Ch e

f. Definition of Elevon Hinge Moment Coefficients

Figure i. Concluded.
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_Trans -

ueer N_ Tap

2 3o2
2 _00

2 312

2 316

Zo Yo

10.1 0

6.04 0

8.78 -1.56

7.52 -2.06

Tap Z o

318 6.04
319 10.28

321 10.44

323 8.78

325 CAV

Yo

-2.06

-1.1

-2.06

-2.14

0

TX"B_B - I

dueer No

2

Yo
0

Z o 8.00

b. Orbiter Base Pressure Orifice Locations

Figure 2. Continued.
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